Until recently, automatic wireless transmission of blood glucose data using smartphone technology was not available to people with diabetes. 6 A new blood glucose monitoring system (BGMS), the Contour ® Next ONE (Ascensia Diabetes Care, Parsippany, NJ, USA), has been developed for use with currently available Contour ® Next test strips. The new BGMS features an easy-to-use blood glucose meter that can be wireless-enabled and link to a smart mobile device via Bluetooth ® connectivity. The system is designed to sync with the Contour™ Diabetes app, which can be used on a smartphone or tablet.
To assess the accuracy of the new BGMS, 2 separate studies were undertaken. In the first study, the analytical accuracy of the BGMS was examined in the laboratory, based on the International Organization for Standardization (ISO) 15197:2013 Section 6.3 criteria. 8 In the second study, BGMS performance and ease of use by subjects with and without diabetes in clinical settings were assessed based on the ISO 15197:2013 Section 8 protocol 8 and the US Food and Drug Administration (FDA) draft guidance for BGMS accuracy, 7 but only data related to ISO 15197:2013 accuracy criteria in subjects with diabetes (primary objective) will be presented in this article.
Methods

Laboratory Study: Analytical Accuracy (ISO 15197:2013 Section 6.3)
Fingertip capillary blood samples were obtained from 100 subjects and tested in duplicate using 3 test strip lots (N = 600). Two sets of 6 blood glucose meters were alternated between subjects. After every 10 subjects, a new vial of test strips was used; a total of 12 vials per lot were included in the study. Most samples (n = 85) were tested fresh from the finger without modification. However, contrived samples at the low and high end of the distribution were obtained by allowing 10 samples to glycolyze to a lower blood glucose concentration (<50 mg/dl [<2.8 mmol/L], n = 3; 50-80 mg/dl [2.8-4.4 mmol/L], n = 7) and supplementing 5 specimens with a concentrated glucose solution (20%) to increase the glucose level (>300-400 mg/dl [>16.7-22.2 mmol/L], n = 3; >400 mg/dl [>22.2 mmol/L], n = 2). Before and after BGMS testing, capillary blood from the same fingertip lancing site was collected into a microcuvette and centrifuged to obtain plasma. The plasma was assayed in duplicate on a YSI 2300 STAT Plus™ laboratory glucose analyzer (YSI; YSI Life Sciences, Inc, Yellow Springs, OH, USA) to produce comparison laboratory method reference values. Fingertip blood was also collected into 2 micro-hematocrit capillary tubes (Drummond Scientific Company, Broomall, PA, USA) and centrifuged with a StatSpin I microcentrifuge (StatSpin, Inc, Norwood, MA, USA) to measure hematocrit. All results were obtained at 23±5ºC.
Clinical Trial: User Performance Evaluation
The clinical study was designed to satisfy the ISO 15197:2013 Section 8 User Performance Evaluation 8 and the FDA SMBG Draft 2014 Guidance, Section C, Method Comparison/User Evaluation. 7 Institutional review board approval was obtained for the protocol, informed consent forms, and all study documents requiring such approval. Each subject completed the informed consent process before participating in the study.
Subjects with or without diabetes who were aged ≥18 years and had never used the BGMS previously were enrolled at 2 clinical sites. In accordance with the FDA guidance, approximately 10% of enrolled subjects did not have diabetes (ie, naïve to SMBG devices). Each subject's participation consisted of 1 study visit. To enable reference method comparison, day-ofstudy criteria required that, ≤2 hours prior to capillary blood testing, subjects had not eaten or drank liquids; taken bolus insulin, rapid-acting insulin, or oral diabetes medications; or vigorously exercised. Subjects were provided with the BGMS and instructional materials (User Guide and Quick Reference Guide) as the only form of training. Subject oversight by study staff during testing was limited to observing that tests were conducted as instructed in the instructional materials.
Three test strip lots were used in the study, with each subject randomized to a single lot. The test strip lots were provided to the investigator by the study sponsor. Each subject used a lancing device to puncture his/her finger and performed a self-test using the BGMS. The site staff member then lanced the subject's fingertip (within 5 minutes of the subject test) using another lancing device to collect blood for the YSI reference assay. Immediately thereafter, each subject lanced his/her palm and performed an alternate site test using the BGMS, followed by a site staff member lancing the subject's fingertip to perform a meter test. A venipuncture was performed only on subjects with diabetes, and blood was tested by study staff with the BGMS and the YSI analyzer. All capillary blood meter results were compared to the capillary blood YSI reference results, and venous meter results were compared to the venous blood YSI reference results. A hematocrit measurement was performed on all subjects and was required for the results to be considered evaluable.
After each subject completed the clinical testing portion of the study, the instructions for use and the messages displayed on the meter were evaluated by a questionnaire that was designed to assess whether the subjects understood how to use the device correctly. This type of user feedback is required per ISO 15197:2013 Section 8.8.2. All subjects (with and without diabetes) were asked to respond to 8 statements relating to the use of the BGMS. Responses were obtained via a 5-point ordinal (Likert-type) scale, as follows: (1) strongly disagree, (2) disagree, (3) neutral, (4) agree, (5) strongly agree. The protocol required that ≥90% of subjects must respond with a score of 3 or higher for 6 specified statements. Subjects with diabetes completed a second questionnaire on diabetes management behaviors; responses were based on the same Likert scale as the previous questionnaire, with the additional option of "no response." Adverse events were monitored throughout the trial.
Assessments and Analyses
The accuracy of BGMS results obtained in the laboratory study and in the clinical study was assessed in accordance with the ISO 15197:2013 Section 6.3 protocol and ISO 15197:2013 Section 8 protocol, respectively. BGMS results were compared with YSI reference results and assessed per ISO 15197:2013 accuracy criteria (ie, ≥95% of results within ±15 mg/dl [±0.8 mmol/L] of the reference result for samples with blood glucose concentrations <100 mg/dl [<5.6 mmol/L] or ±15% for samples with blood glucose concentrations ≥100 mg/dl [≥5.6 mmol/L]). 8 In the clinical study, the primary objective was to assess the accuracy of the BGMS using fingertip self-test results in subjects with diabetes, based on ISO 15197:2013 accuracy criteria. Regression analysis was performed to compare BGMS results with YSI reference results. Parkes-Consensus Error Grid 9 analyses were used to evaluate BGMS clinical accuracy in both the laboratory study and the clinical study. Radar Plots were constructed to compare BGMS results with YSI reference results in both the laboratory study and the clinical study.
Results
Laboratory Study: Analytical Accuracy (ISO 15197:2013 Section 6.3)
In the laboratory study, the observed range of plasma blood glucose concentrations was 36 mg/dl (2.0 mmol/L) to 643 mg/dl (35.7 mmol/L), and the hematocrit range was 31.5% to 51.5%. Overall, 100% (600/600) of combined results for all 3 test strip lots were within ±15 mg/dl (±0.8 mmol/L) or ±15% of the YSI reference result for samples with blood glucose concentrations <100 mg/dl (<5.6 mmol/L) or ≥100 mg/dl (≥5.6 mmol/L), respectively (Table 1 ). In addition, 98.3% (590/600) of combined results for all 3 test strip lots were within ±10 mg/dl (±0.6 mmol/L) or ±10% of the YSI reference result for samples with blood glucose concentrations <100 mg/dl (<5.6 mmol/L) or ≥100 mg/dl (≥5.6 mmol/L), respectively (Table 1 ). An ad hoc analysis was also conducted to determine the smallest error range within which at least 95% of meter inaccuracies (ie, differences between meter results and YSI reference results) fell. The results revealed that 95% of meter results were within 8.1 mg/dl (0.4 mmol/L) or 8.1% of the YSI reference result.
A plot of the differences of BGMS results from YSI reference results is shown in Figure 1A . A high degree of agreement between BGMS results and YSI reference results was demonstrated by regression analysis (y = 0.95x + 2.0 mg/dl [0.1 mmol/L]; R 2 = 0.9961). All (100%; 600/600) results were within Zone A of the Parkes-Consensus Error Grid, satisfying the ISO 15197:2013 Section 6.3 accuracy criteria (ie, ≥99% of results shall fall within the combination of Zones A and B). A Radar Plot comparing BGMS results to YSI reference results is shown in Figure 1B . A Radar Plot is a recent way to plot the difference between BGMS values and reference instrument values. Points within the outer green circle (bolder line) satisfy ISO 15197:2013 Section 6.3 accuracy criteria. The outer green circle represents ±15 mg/dl (±0.8 mmol/L) or ±15% error for samples with YSI blood glucose concentrations <100 mg/dl (<5.6 mmol/L) or ≥100 mg/dl (≥5.6 mmol/L), respectively. Subjects. Of the 376 subjects enrolled in the study, 333 subjects had diabetes and were included in the ISO 15197:2013 Section 8 User Performance Evaluation. Demographic and baseline characteristics for subjects with diabetes are presented in Table 2 . The mean age was 54 years (range, 18-81 years) and the ratio of female to male subjects was balanced for subjects with diabetes (51% female; 49% male). Of the subjects with diabetes, 35% had type 1 diabetes, 65% had type 2 diabetes, and 1% did not know their diabetes type. Most subjects with diabetes (67%) reported that they selftest their blood glucose ≥2 times daily. A total of 332 subjects with diabetes completed the study; the remaining 1 subject met enrollment criteria but did not meet day-of-study criteria. The observed range of plasma blood glucose concentrations for subjects with diabetes was 32 mg/dl (1.8 mmol/L) to 458 mg/dl (25.4 mmol/L) for capillary blood samples and 30 mg/dl (1.7 mmol/L) to 461 mg/ dl (25.6 mmol/L) for venous blood samples; the hematocrit range was 33% to 59%. The range of plasma blood glucose concentrations for all subjects was 32 mg/dl (1.8 mmol/L) to 458 mg/dl (25.4 mmol/L) for capillary blood samples; the hematocrit range was 33% to 59%.
Accuracy. Evaluation of self-obtained capillary fingertip results from subjects with diabetes showed that 99.4% (327/329) of results met ISO 15197:2013 Section 8 accuracy criteria, and 97.6% (321/329) of results were within ±10 mg/dl (±0.6 mmol/L) or ±10% of the YSI reference result (Table 3) . For subjects with diabetes, 99.7% (331/332) of fingertip results obtained by study staff, 97.2% (309/318) of subject palm results, and 100% (330/330) of venous results met ISO 15197:2013 Section 8 accuracy criteria (Table 3 ). An ad hoc analysis was conducted to determine the smallest error range within which at least 95% of meter inaccuracies (ie, differences between meter results and YSI reference results) fell. In this analysis, 95% of meter results for subjects with diabetes were within 8.4 mg/dl (0.5 mmol/L) or 8.4% of the YSI reference result for subject fingertip tests, 8.5 mg/dl (0.5 mmol/L) or 8.5% of the YSI reference result for study staff tests of subject fingertip blood, 11.8 mg/dl (0.7 mmol/L) or 11.8% of the YSI reference result for subject palm tests, and 6.4 mg/dl (0.4 mmol/L) or 6.4% of the YSI reference result for study staff tests of subject venous blood.
A plot of the difference of subject-obtained capillary fingertip results from YSI reference results for subjects with diabetes is shown in Figure 2A . A regression analysis of clinical results for subjects with diabetes demonstrated a strong correlation between BGMS and YSI reference results (adjusted R 2 > 0.96 for all regressions). The R 2 value was 0.9899 for subject-obtained capillary fingertip results, while the R 2 values for study staff-obtained fingertip, subject palm, and venous results were 0.9899, 0.9697, and 0.9939, respectively. A Radar Plot comparing subject-obtained capillary fingertip results to YSI reference results for subjects with diabetes is shown in Figure 2B .
By Parkes-Consensus Error Grid analysis, 100% (329/329) of subject-obtained capillary fingertip results for subjects with diabetes were within Zone A. For subjects with diabetes, all (100%) results were also within Zone A for study staffobtained fingertip (332/332) and venous (330/330) testing; 98.7% (314/318) of results were within Zone A for subject palm testing, with the remainder (1.3%; 4/318) in Zone B.
Subject questionnaires. Ease-of-use questionnaire responses among subjects with diabetes (n = 332) demonstrated that most subjects "strongly agree," "agree," or are "neutral" that (1) it is easy to do a fingerstick blood test with this meter (97.9%), (2) the meter display is easy to see and read (98.2%), (3) it is easy to understand the test results (99.7%), (4) the instructions are easy to understand (97.6%), (5) the instructions clearly explain how to run a test (98.5%), and (6) the instructions clearly explain what to do if an error message is displayed by the meter (99.4%).
Diabetes management questionnaire responses among subjects with diabetes (n = 332) demonstrated that the majority of subjects "strongly agree," "agree," or are "neutral" that accuracy is important: (1) to help with their ability to manage their diabetes (99.4%), (2) to help with understanding how food or exercise affects low blood sugars (99.7%), (3) to help with preventing low blood sugars (99.7%), and (4) to help with using their results to gain better control of their diabetes (99.4%). In addition, 85.6% of subjects responded "strongly agree," "agree," or "neutral" that they use their current meter because their insurance companies cover the strips, and 92.1% of subjects responded "strongly agree," "agree," or "neutral" that they preferred the meter used in this study to their regular meters.
Safety. There were 8 mild, anticipated, non-device-related adverse events; all were classified as hypoglycemia and all occurred in subjects with diabetes. All adverse events resolved prior to the subjects leaving the testing site.
Discussion
Considering the importance of SMBG for the self-management of diabetes, it is crucial that a BGMS demonstrates a high degree of accuracy. We performed 2 separate studies to investigate the accuracy of the new BGMS. In the laboratory study, ISO 15197:2013 Section 6.3 accuracy criteria were used as the benchmark for assessing the results; while, in the clinical study, we employed ISO 15197:2013 Section 8 accuracy criteria. In our laboratory study, 100% of results with the BGMS met the accuracy criteria and 98.3% of results were within 10 mg/dl or 10% of the YSI reference values. In the clinical study, the BGMS exceeded the accuracy criteria. The BGMS demonstrated a high level of accuracy regardless of whether testing was performed by study staff, or by subjects who never used this BGMS previously and had no training other than access to the product instruction manual. The BGMS also demonstrated ease of use, as nearly all subjects with diabetes rated the ease of use of the BGMS favorably on a questionnaire in the clinical study.
Use of computer-based diabetes self-management interventions has shown generally positive results with regard to blood glucose control, with an increased effect when using mobile smartphone apps. 10 A recent meta-analysis of 22 trials (N = 1,657) on the effect of mobile phone interventions in diabetes showed a 6-mmol/mol (0.5%) reduction in HbA1c values over 6 months. 11 Several additional reviews and metaanalyses have evaluated similar data, all showing generally positive results in diabetes management among people with diabetes using mobile phone apps. 10, [12] [13] [14] Although studies have shown various clinical benefits of using mobile apps for diabetes, including reductions in HbA1c levels, further research is needed in this area. 10, [12] [13] [14] Studies with larger sample sizes and longer durations are needed to adequately assess the true impact of mobile phone apps on diabetes management. 13 In addition, the reasons underlying this increased effectiveness with smartphone apps-whether it be convenience, frequency, prompting, feedback, or behavioral change-are still undifferentiated. 10, 14 Investigation into the types of individuals who are most likely to benefit from electronic monitoring may also help us better understand which aspects of these interventions are most effective and why, and these learnings could potentially be extended to other chronic conditions.
Conclusion
The results of these studies demonstrate the analytical and clinical accuracy of the new BGMS as well as its ease of use in a clinical setting among subjects who had never used the BGMS previously.
